ABSTRACT
Introduction
Previous studies have shown that the immune system dysfunction plays an important role in inflammation response imbalance and organ injury following shock, trauma, and sepsis [1] [2] [3] . The spleen is a major immune organ and is the center of cellular and humoral immunities. Previous studies have reported that lipopolysaccharide (LPS) challenge could cause spleen injury 4, 5 . Meanwhile, pre-treatment with interleukin-10 (IL-10) followed by LPS leads to a reduction in splenic TNF-α and LPS-induced spleen injury 5 . In previous studies, the exogenous normal mesenteric lymph (NML) from healthy dog has alleviating effects on LPS-induced microcirculation disturbance and acute lung and kidney injury in rats [6] [7] [8] . In addition, NML obtained from mice could ameliorate acute kidney injury induced by the LPS challenge, and such effect is related to decreasing inflammation and LPS sensitization 9 .
However, whether or not NML could eliminate LPS-induced spleen injury remains unclear. Therefore, we sought to determine the effectiveness of NML on LPS-induced spleen injury and reveal its mechanism.
Methods
A total of 36 healthy and specific pathogen-free (SPF)
BALC/c mice (20-25g, purchased from the National Institutes for Food and Drug Control, Beijing, China) were used in this study. A total of 18 mice were used for NML drainage for the treatment, whereas the rest was randomly divided into the following: sham, LPS, and LPS+NML groups (six mice in each group). Before the experiment, the mice were subjected to fasting for 12h, but they were allowed free access to water.
All animal procedures were reviewed and approved by the
Institutional Animal Care and Use Committee of Hebei North
University and conformed to the National Institutes of Health guidelines. All efforts were made to minimize the suffering of the animals during the experiment.
NML harvest
After anesthetization with intraperitoneal injection of pentobarbital sodium (1%, 50 mg/kg) under the operating microscope (SSJ, Shanghai optical instrument factory, Shanghai, China), the mice received a laparotomy with 2 cm longitudinal incision on deviation to the right of the midline.
Their mesenteric lymph was drained with a drainage needle continuously for 60 min into a sterile test tube. Lymph sample was centrifuged for 5 min at 315g to remove all cellular components and was stored at -75°C to -80°C for the treatment.
LPS challenge and NML administration
After anesthetization, the mice were placed under the operating microscope and received a femoral operation for the anticoagulation with heparin sodium (1%, 1 ml/kg) injection via the right femoral artery. The animals' mean artery pressure (MAP) levels were continuously monitored using biological signal collecting and processing system (RM-6240B, Chengdu 
Splenic morphology observation
The fixed splenic tissue was dehydrated with alcohol gradient, embedded in paraffin, and sectioned at 4 µm using a microtome (Shandon Finesse 325, Thermo, Waltham, MA). After hematoxylin and eosin (HE) staining was conducted, morphological changes were observed under light microscope (90-i; Nikon, Tokyo, Japan), and then images were taken using an image collection and analysis system (Motic Med 6.0; Beijing, China).
Enzyme-linked immunoadsorbent assay (ELISA) analysis
The levels of LBP, CD14, TNF-α, IL-6, interferon γ (IFN-γ), 
Results

Morphology in spleen
In Figure 1 , spleen in the sham group had normal structure, and no obvious evidence of morphological damage was found in width of the splenic cord and sinus (A and B). By contrast, spleen in the LPS group had a lot of congestion in the red pulp area; moreover, expanded splenic sinus and swollen splenocytes were found, along with fundamental normal splenocytes (C and D). Spleen in the LPS+NML group showed a similarity morphology, but lesser in the splenic sinus (E and F). 
LBP and CD14 in spleen
In Figure 2 , at 6h after LPS intraperitoneal injection, the levels of LBP and CD14 in the spleen of the LPS group significantly increased compared with that of the sham group (p < 0.05). By contrast, the levels of LBP and CD14 in the spleen of the LPS+NML group significantly decreased compared with that of the LPS group (p < 0.05), and no statistical difference was found compared with the sham group (p > 0.05).
MAPKs in spleen
At 6 h after LPS injection, the levels of p-p38 MAPK, p-ERK1/2, and p-JNK significantly decreased compared with those of the sham group (p < 0.05). At the same time, the NML treatment further decreased the levels of p-p38 MAPK and p-JNK (p < 0.05), along with decreases in the p-p38 MAPK, p-ERK1/2, and p-JNK levels compared with the sham mice (p<0.05,; s Figure 4 ). Figure 3 indicated that the LPS administration significantly increased the TNF-α and IL-6 levels in the spleen (p < 0.05), and these levels were abolished by the NML injection (p < 0.05).
FIGURE 2 -Effects of normal mesenteric lymph (NML) on the levels of lipopolysaccharide-binding protein (LBP) and lipopolysaccharide receptor (CD14) in spleen after lipopolysaccharide (LPS) administration in mice (ng/g protein, mean±SD, n=6
TNF-α and IL-6 in spleen
Meanwhile, no statistical difference was found in the TNF-α and IL-6 levels of the LPS+NML and sham groups (p > 0.05). 
Discussion
In the present study, firstly, we observed the NML from normal mice on LPS attack-induced spleen injury, and found that spleen tissue presented with lot of congestion in the red pulp and expanded splenic sinus in mice at 6h after LPS administration, which was attenuated by NML treatment. This finding suggested that NML treatment played a protective effect on spleen injury induced by LPS intraperitoneal injection.
In general, inflammatory response is associated with multiple organ injuries during endotoxemia. Several studies suggested that increased expression of LBP and activation of CD14, a LPS receptor, could enhance the sensitization of inflammatory cells to the endotoxin or LPS and link the inflammatory response to organ injuries [11] [12] [13] . Tsai and colleagues found that bile duct ligation upregulates CD14 and TNF-α mRNA expressions in splenic tissue and leads to spleen injury 14 . In the present study, NML treatment . Meng et al. 17 reported that LPS administration significantly increased the activations of p38 level, which were very advantageous for reducing and delaying the Th2 to Th1 drift, thereby restoring immune balance.
Conclusion
Normal mesenteric lymph treatment alleviated lipopolysaccharide induced spleen injury by attenuating of sensitization to LPS and decreasing the production of TNF-α, IL-6, and IFN-γ.
